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MOLECULAR MECHANISMS OF CELLULAR DRUG RESISTANCE 

The killing of a leukemic cell by a chemotherapeutic drug is a complex multistep 
process. While some drugs can enter the cell by passive diffusion through the lipid bilayer 
of the plasma membrane, other agents require the presence of special carriers in the 
membrane for .their entry. Some of the drugs are inactive in the form in which they enter 
the cell, and need to be activated through modification by appropriate cellular enzymes. An 
active drug inside the cell has to reach and bind its specific target (DNA, microtubules, 
etc.). Drug binding eventually (and often indirectly) causes damage to its target, which 
should then escape repair by cellular repair enzymes. With most drugs, however, the 
formation of a drug-induced lesion is still insufficient to produce a cytotoxic response. 
Instead, such a lesion should trigger one of the cellular programs that result in terminal 
growth arrest or active cell death (apoptosis). Changes in any of these processes may result 
in increased drug resistance or sensitivity. Functional manipulation of genes determining 
drug response is a general approach to increasing the efficacy of chemotherapy. 

Multidrug resistance (MDR), mediated by theMDRl P-glycoprotem (Pgp), is the 
best known and documented cellular mechanism of resistance to clinically important 
drugs. Pgp provides a barrier to intracellular accumulation of many anticancer drugs, acting 
as an ATP-driven efflux pump. Clinical correlative studies have demonstrated that MDRl 
expression is a negative prognostic marker in many leukemias and solid tumors. In clinical 
trials, Pgp inhibitors show promising results in chemosensitization of hematopoietic 
malignancies. MDR1 gene expression in some types of leukemia is associated with the stem 
cell phenotype (of which Pgp is a marker). Expression of the MDR1 gene in leukemic cells 
can also arise as a stress response, induced by short-term treatment with anticancer drugs. 
MDRl activation in drig-treated cells, however, is preventable with several protein kinase 
inhibitors. 

MDRl is only one of many genes determining the outcome of chemotherapeutic 
treatment. In the past several years, our laboratory has developed a new approach to the 
analysis of genes determining cellular drug response. We are using unselected tumor- 
derived cell lines to identify the genes whose targeted inhibition makes the cells more 
sensitive or more resistant to anticancer drugs. This approach is based on the use of genetic 
suppressor elements (GSEs), short gene fragments that counteract the gene from which 
they are derived by encoding dominant negative peptides or efficient antisense RNAs. 
GSEs can be isolated from recombinant retroviral libraries by expression selection for 
improved survival or enhanced cell death in the presence of a drug. We will discuss the 
isolation of GSEs from individual genes responsible for resistance or sensitivity to multiple 
drugs. Such GSEs are useful as tools for the analysis of specific mechanisms of resistance 
and, in some cases, as prototype chemosensitizing agents. We will also discuss the cloning 
of previously unknown genes responsible for drug sensitivity, by selecting GSEs conferring 
drug resistance from total cellular cDNA. This type of analysis suggests many experimental 
approaches to improving the efficacy of chemotherapeutic treatment. 
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